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I n t r o d u c t i o n  

Dupl ica t ion  of t h e  space environment i n  a ground- 

based s imula to r  i s  an i d e a l  goa l  pursued by many, b u t  

accomplished by none . 
Space environment s imula to r s  f o r  s p a c e c r a f t  systems 

t e s t i n g  a r e  r i g h t f u l l y  born of t r a d e - o f f ' s  between knowl- 

edge of t h e  environment and n e c e s s i t y  f o r  i t s  s imula t ion ,  

weighed a g a i n s t  c o s t  and engineer ing  a b i l i t y  t o  accomplish 

des ign  and c o n s t r u c t i o n ,  The importance of s imula t ing  a 

s i n g l e  f e a t u r e  o r  s e v e r a l  f e a t u r e s  of t h e  space environ- 

ment i s  dependent upon t h e  space r e sea rch  t a s k  a t  hand, 

and v a r i e s  accord ingly  wi th  t h e  t r a d e - o f f s .  Today's 

l e v e l  of accomplishment i n  space s imula t ion  f a c i l i t i e s  

f o r  f u l l  s p a c e c r a f t  systems tes ts  keynotes t h e  e a r l y  

d e c i s i o n  t h a t  proof of s p a c e c r a f t  performance under 

vacuum and thermal  cond i t ions  r e p r e s e n t a t i v e  of o r b i t  i s  

e s s e n t i a l  f o r  success. Development and use  of space thermal  

environment s imula to r s  a t  t h e  Goddard Space F l i g h t  Center 

fol lows t h i s  t r e n d .  A g e n e r a l  d e s c r i p t i o n  of s imula t ion  

f a c i l i t i e s  and t e s t  methods i s  covered by d i s c u s s i o n  of 

t h r e e  s imula to r s  a t  t h e  Center .  It i s  noted t h a t  t h i s  

survey omits a number of s p e c i a l i z e d  s imula to r s  being 

used t o  c a l i b r a t e  va r ious  experiments,  a s  w e l l  a s  t hose  

i n  use  f o r  s p e c i a l i z e d  m a t e r i a l s  i n v e s t i g a t i o n s  , A brief 
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resum$ of t h e  C e n t e r ' s  work f u r n i s h e s  o r i e n t a t i o n  f o r  t h e  

s imula to r  d i s c u s s i o n  t h a t  fo l lows:  

The Goddard Space F l i g h t  Center was e s t a b l i s h e d  i n  1959 

and i s  one of seven l a b o r a t o r i e s  ope ra t ing  under t h e  d i r e c t i o n  

of t h e  Nat iona l  Aeronautics and Space Adminis t ra t ion .  Within 

t h e  NASA, Goddard i s  r e spons ib l e  f o r  t h e  development of un- 

manned s a t e l l i t e s  and experiments for exp lo ra t ion  near  e a r t h  

and c i s l u n a r  space ,  Three  s c i e n t i f i c  a r e a s  a r e  covered: 

c o m u n i c a t i o n ,  weather observat ion,  and s c i e n t i f i c  technology,  

The space r e sea rch  program d i r e c t e d  by Goddard is many 

f a c e t e d  and dynamic, Magnetic f i e l d s ,  e n e r g e t i c  p a r t i c l e s ,  

cosmic r a y s ,  atmospheric s t r u c t u r e s ,  aerommy, s o l a r  

phys i c s ,  meteorology, ionosphere phys ics ,  geodesy, astronomy, 

comunicatiorns,and s p a c e c r a f t  technology a r e  b u t  a f e w  

examples i l l u s t r a t i n g  t h e  vas tnes s  of i t s  program Goddard ' s  

space experiments f a l a  into two ca t egor i e s :  t h e  sounding 

rocke% space probe f o r  b r i e f  sampling of t h e  envirowment, 

and t h e  o r b i t i n g  s p a c e c r a f t  for prolonged measurements, 

Spacecraf t  a r e  f u r t h e r  ca tegor ized  a s  Appl ica t ions  o r  

S c i e n t i f i c ,  During t h e  p a s t  f i v e  yea r  per iod ,  Goddard has 

o r b i t e d  over 30 such  s p a c e c r a f t ,  F i q u r e  I shows a number 

of those  o r b i t e d  and i l luss t rakes  the v a r i a t i o n  i n  s i z e  and 

c o n f i g u r a t i o n ,  Fami l i a r  a p p l i c a t i o n s  s p a c e c r a f t  inc lude  

Echo, Relay, Syncom, Ti ros  and Nimbus. Moat no tab le  among 

t h e  S c i e n t i f i c  Spacecraf t  a r e  t h e  Explorers , , ,Explorer  X - 
P-14 Moon Magnetometer, X I 1  - S-3 Energe t ic  P a r t i c l e s ,  XVII - 
Atmospheric S t r u c t u r e s ,  XVIIP - I n t e r p l a n e t a r y  Monitoring 

Probe, XX - Topside Scunder, Orb i t ing  S o l a r  Observatory,  

and t h e  060 I ,  Orb i t ing  Geophysical Observatory,  Goddard f s  

a c t i v e  p a r t i c i p a t i o n  in i n t e r n a t i o n a l  programs i s  h igh l igh ted  

by p a s t  accomplishments on A r i e l  1, A r i e l  2 and Alouet te .  
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I n  a d d i t i o n  t o  i t s  advanced s p a c e c r a f t  and experiment work, 

Goddard manages t h e  development and launch of N A S A ' s  Del ta  

rocke t  and launches Centaur and Atlas-Agena v e h i c l e s  f o r  

t h e  NASA program, I n  t r a c k i n g  and d a t a  r educ t ion ,  t h e  

Center  d i rec ts  two worldwide networks: The Space Tracking 

and Data Acqu i s i t i on  Network (STADAN), and t h e  Manned 

Space F l i g h t  Network (MSFN) 

T e s t  Philosophy 

Within t h e  Goddard o r g a n i z a t i o n ,  t h e  T e s t  and Evalua- 

t i o n  Div is ion  is  r e spons ib l e  f o r  a s s e s s i n g  t h e  f l i g h t  

worthiness  of s p a c e c r a f t ,  Our t e s t  philosophy has been 

t o  concen t r a t e  on t o t a l  systems t e s t i n g .  The i n t e g r a t e d  

s p a c e c r a f t  undergoes envisonmentally-induced stress s imulat-  

i ng  ground handl ing,boost ,  and o r b i t a l  environs f o r  a s u f f i -  

c i e n t  t i m e  d u r a t i o n  t o  r e v e a l  des ign  and q u a l i t y  weaknesses. 

Due t o  t i m e  and economic reasons ,  systems tes t s  a r e  no t  

d i r e c t e d  toward e s t a b l i s h i n g  u l t i m a t e  l i f e  o r  a s t a t i s t i c a l  

va lue  f o r  t h e  r e l i a b i l i t y  of t h e  system, The philosophy is  

p red ica t ed  on t h e  concept t h a t  c r i t i c a l  m a t e r i a l s ,  p a r t s ,  

and subsystems have, i n  f a c t  been tested,  Prototype space- 

c r a f t  a r e  tested a t  e l eva ted  stress l e v e l s  t o  q u a l i f y  t h e  

des ign ,  I n  t h e  des ign  q u a l i f i c a t i o n  t e s t s ,  v i b r a t i o n  

amplitude i s  increased  50% and d u r a t i o n  is  t w i c e  t h a t  ex- 

pected i n  f l i g h t ,  P r e d i c t e d  temperature  extremes a r e  ex- 

tended PO'C t o  provide an o v e r t e s t  margin,  F l i g h t  

Spacec ra f t  a r e  tested a t  environmental  stress l e v e l s  which 

would n o t  be exceeded dur ing  t3e launch phase of t h e  mission 

more than  once i n  20  chances,  Since d u p l i c a t i o n  of t h e  

planned o r b i t a l  l i f e  (one year )  i s  n o t  economically f e a s i b l e ,  

t h e  d u r a t i o n  of t h e  o r b i t a l  t es t  i s  l i m i t e d  a r b i t r a r i l y  
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t o  approximately 10 days.  F a i l u r e s  a t t r i b u t e d  t o  subsystem 

i n t e r a c t i o n  and " i n f a n t  m o r t a l i t y "  a r e  de t ec t ed  and c o r r e c t e d .  

A g r a p h i c a l  r e p r e s e n t a t i o n  of t h i s  philosophy is  shown i n  

F igure  2 .  

Spacec ra f t  T e s t  F a c i l i t y  

During t h e  5 year  per iod s i n c e  i t s  es tab l i shment ,  

Goddard's s p a c e c r a f t  t e s t  f a c i l i t y  has grown f r o m  a s i n g l e  

v i b r a t i o n  shaker ,  and a converted ocean buoy used f o r  

thermal  vacuum tests t o  a h igh ly  s o p h i s t i c a t e d  complex 

(Fiqure 3 )  housing over 46 pieces of environmental t e s t  

equipment. (F iqure  4) Development of t h i s  f a c i l i t y  is  

based p r i m a r i l y  on t h e  concept of f u l l  s p a c e c r a f t  systems 

t e s t i n g  and has  continued t o  grow with project needs 

from mechanically simple condi t ion ing  equipment t o  t h e  

h ighly  complex space environment s imula to r s .  (Fiqure 5) 

Space Simulator  Development 

Space environment s imula to r  development f o r  f u l l  

s p a c e c r a f t  systems tes ts  has progressed from f a c i l i t i e s  

with vacuum and thermal  c a p a b i l i t y  t o  s imula te  t h e  e f f e c t  

of t h e  space thermal  environment t o  chambers having l i g h t  

sources ,  cold shrouds and vacuum c a p a b i l i t y  t h a t  more 

r e a l i s t i c a l l y  s imula te  s o l a r  i r r a d i a t i o n  and t h e  i n f i n i t e  

h e a t  s i n k  of space.  

Space Thermal Effects Simulation - Simulation of 

t h e  e f f e c t  of t h e  space thermal  environment has been 

appl ied  e x t e n s i v e l y  t o  eva lua te  s p a c e c r a f t  e l e c t r i c a l  and 

mechanical performance. Tes t ing  i s  accomplished by con- 

d i t i o n i n g  t h e  s p a c e c r a f t  i n  a f a c i l i t y  having t h e  c a p a b i l i t y  

t o  produce vacuum of a t  l e a s t  1 0 s 5 t o r r  under f u l l  s p a c e c r a f t  

gas  load ,  and thermal  c a p a c i t y  s u f f i c i e n t  t o  induce tempera- 

t u r e  cond i t ions  i n  t h e  s p a c e c r a f t  equ iva len t  t o  t h e  extremes 
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predicted for orbit. During the test, stimuli are used to 

excite the experiment and spacecraft sensors whenever 

possible, Temperature extremes selected for test are 

based on the maximum and minimum orbital average tempera- 

ture of the bulk spacecraft computed for a power off 

condition. With this method of testing, the spacecraft 

is normally operated during evacuation to reveal corona 

problems, then is stabilized under vacuum at each tempera- 

ture level, and operated in its orbital mode. In 

cases where the predicted temperature of surface mounted 

equipment falls outside the range of the bulk spacecraft, 

separate thermal apparatus is required to provide a 

realistic test environment. 

Facilities for this type of testing are similar to 

the unit shown in Fiqure 6. Typically, performance of 

this type of simulator is torr, (CD&E)*and tempera- 

ture from -65OC to +lOO°C,  

consists of a stainless steel enclosure forming an internal 

test volume 8' diameter by 8' long. The walls are highly 

polished to a #4 finish to minimize outgassing and trapping 

The chamber in this example 

of contaminants. The pumping system (Fiqure 7) consists 

of a 30,000 liter/second oil diffusion pump backed by a 

300 liter/second vapor booster pump, and 300 cfm mechani- 

cal pump, "Trapping" of the diffusion pump is provided 

by a concentric ring water baffle, and a chevron baffle 

operating near liquid nitrogen temperature. A radiation 

baffle plate is positioned inside the chamber in front of 

the throat of the pump to mask the spacecraft from seeing 

* clean, dry and empty 
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the pump baffle. Thermal control for cold temperature 

conditioning is provided by either of two systems: 

to Brine or Freon 22 & Freon 13 cascade to Brine. Hot 

conditioning is accomplished by a steam to brine heat 

exchanger. The transfer fluid is circulated through 

serpentine tubing placed in intimate contact with the 

outer chamber wall. Fiberglass insulation reduces thermal 

losses to a reasonable level, The space between the double 

'IO" rings (Buna N) on the doorp ports and penetrations 

is vacuum pumped to 5 0  microns Hg to increase the integrity 

of the seal, Total pressure measurement is done with 

alphatron and ionization gauges. 

CQ2 

During facility checkout and spacecraft tests, a mass 

spectrometer is mounted on the chamber to monitor outgassing 

constituents. Penetration plates for environmental and 

spacecraft performance data are shown at the side of the 

chamber (Fiqure € 3 ) -  Fiqure 9 shows typical construction 

of connectors used for thermocouple, spacecraft data and 

high voltage power. The insulating material around each pin 

of the thermocouple and data connectors is Diayl Phthalate, 

and for the high voltage connector, glass, The thermo- 

couple connector has hollow pins far passage of the 

thermocouple wires through the connector f o r  soldering 

external to the chamber. The "0" ring side of these Connectors 

is compressed against the outboard face of the penetration 

plate as shown in Fiqure 10; leak rate is less than 1 X 10-8 

atm. std cc/sec, Improved ground isolation for RF and high 

voltage applications has lead to the use of phenolic 

laminate (Nema grade XXX) penetration plates. Fiqure 11 

shows "0"  ring type connectors assembled to a typical 

phenolic penetration plate. For extreme high voltage 
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a p p l i c a t i o n s  up t o  30 KV, t apered  p i n s  a r e  i n s e r t e d  

through t h e  phenol ic  afid bonded wi th  epoxy. For 30,000 

v o l t s ,  s e p a r a t i o n  d i s t a n c e  be tween p i n s  of 2%" i s  t y p i c a l ,  

The vacuum and e l e c t r i c a l  performance h i s t o r y  of t h e s e  

assemblies  h a s  been e x c e l l e n t ,  

The vacuum performance of t h i s  f a c i l i t y  i s  shown i n  

Fiqure 1 2  f o r  ambient and co ld  cond i t ions ,  These d a t a  a r e  

shown f o r  a c l ean ,  d r y ,  empty chamber and wi th  a De l t a  s i z e  

s p a c e c r a f t  i n s t a l l e d ,  For t h i s  s i z e  s p a c e c r a f t  weighing 

up t o  140 lbs . ,  an outgass ing  r a t e  of from 15 t o  7 0  micron 

l i ters/sec,  i s  t y p i c a l ,  It is w e l l  to note  t h a t  dur ing  

t es t  of a s p a c e c r a f t ,  vacuum cond i t ions  a r e  u s u a l l y  main- 

t a i n e d  throughout temperature  t r a n s i t i o n  pe r iods ,  The 

t e s t  shown i s  an  except ion;  t h e  s p a c e c r a f t  was removed 

from t h e  chamber and r e p a i r e d  p r i o r  t o  t h e  h o t  exposure,  

When vacuum i s  maintained,  t i m e  t o  e s t a b l i s h  stable tempera- 

t u r e  ( - 2 0 ° C  t o  +6O0C)  throughout a De l t a  c l a s s  s p a c e c r a f t  

(140 pounds t y p i c a l  weight)  r e q u i r e s  approximately 1 2  hours ,  

shows a t y p i c a l  s e tup  where s e p a r a t e  cond i t ion ing  

was r equ i r ed  t o  c r e a t e  a thermal g r a d i e n t  through t h e  space- 

c r a f t .  This  method proves t o  be extremely t i m e  consuming 

when s e v e r a l  temperatures  i n  t h e  s p a c e c r a f t  a r e  be ing  

c o n t r o l l e d  s imultaneously,  

The adequacy of t h i s  type  of f a c i l i t y  f o r  s p a c e c r a f t  

t es t s  performed i n  t h e  manner descr ibed  e a r l i e r  i s  a s  

good a s  o n e ' s  a b i l i t y  t o  p r e d i c t  t h e  o r b i t a l  range of 

temperature  a t  many s i tes  throughout t h e  s p a c e c r a f t ,  The 

t e s t  provides  an easy  set-up f o r  s t r e s s i n g  t h e  s p a c e c r a f t  

under s t a b i l i z e d  temperature  and vacuum cond i t ions ,  b u t  i s  

of only l i m i t e d  value i n  determining thermal p a t h s  through 

t h e  s p a c e c r a f t  s t r u c t u r e  o r  between thermally-coupled sub- 

systems. I n  b r i e f ,  it does no t  provide an environment 
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necessary f o r  checking t h e  s p a c e c r a f t  thermal  des ign ,  i .e .  

f o r  v a l i d a t i n g  t h e  choice  of extreme temperatures  used 

f o r  t h e  t e s t .  

F i r s t  Generation S o l a r  Simulator  

An in t e r im  space environment 

i n t e r n a l ,  l i q u i d  n i t rogen  shroud, 

t i o n  source has been appl ied  a s  a 

b r idge  t h e  gap between s p a c e c r a f t  

s imu la to r  having an 

and carbon a r c  r ad ia -  

l ea rn ing  t o o l  t o  

thermal  e f f e c t s  per- 

formance t e s t i n g  and thermal  design t e s t i n g ,  

In thermal  des ign  v e r i f i c a t i o n  t e s t i n g ,  t h e  C Q E ~ H ~ O ~  

l i n k  between t h e  t e s t  environment and o r b i t a l  temperature  

p r e d i c t i o n  i s  t h e  thermal  model, In this con tex t ,  t h e  

thermal  model  i s  a mathematical s imula t ion  of t h e  space- 

c r a f t ,  It c o n s i s t s  of a series of equat ions  desc r ib ing  

t h e  h e a t  t r a n s f e r  a t  selected nodes throughout t h e  space- 

c r a f t  s t r u c t u r e ,  The h e a t  f l o w  a t  a node i s  descr ibed 

by t h e  fol lowing gene ra l  equat ion:  I 

(Heat S t o r e d )  ( D i r e c t  Sun) (Albedo)  (Ear th  PR) ( I n t e r  Power) 
~~dA&- = fi8G(Z$ +&'.r,Z& +&d.le f 

(Rad to Space) (Conduct .between nodes] (Radiatiom Between Nodes) 

i ,  j = i _. tk and j nodes 

(hit)$ = Thermal Capacity 

T i  = Temperature, a b s o l u t e  

t - - t i m e  

oc,: = S o l a r  Absorptance 

,ZA'l = Area factor, inc luding  a spec t  angle  of 
rad i a t  i o n  

Surface a r e a  

Incidesnt S o l a r  I n t e n s i t y  
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za = Inc iden t  Albedo I n t e n s i t y  

Inc iden t  Ear th  Radiat ion I n t e n s i t y  

p .  = I n t e r n a l  Power D i s s i p a t i o n  

e r =  S t e f a n  Boltzmann Constant 

igl = Inf ra - red  Emittance 

K - - Thermal Conductance 

* 

F - - Radia t ion  Exchange Fac to r  

N - - Number of Nodes 

The equat ion  provides  €or  s t o r e d  h e a t ,  i npu t s  due t o  s o l a r ,  

a lbedo,  e a r t h  r a d i a t i o n  and i n t e r n a l  power, h e a t  l o s t  t o  

space and conduction and r a d i a t i o n  among nodes. I n  t h e  

mathematical handl ing f o r  i n i t i a l  des ign ,  t h e  major 

e f f o r t  of the thermal  des igner  i s  t o  supply numerical  va lues  

f o r  t h e  c o e f f i c i e n t s ,  For a s p a c e c r a f t  system, t h e  equat ion  

r e p r e s e n t s  a system of N equat ions  i n  N unknowns t o  t h e  

f irst  and f o u r t h  power f o r  which there  i s  no d i rec t  a n a l y t i c  

s o l u t i o n ,  Approximate s o l u t i o n  is p o s s i b l e  by i t e r a t i o n  

and ma t r ix  a l g e b r a .  (Reference 3 d i s c u s s e s  t h e  p r o c e s s ) ,  

During thermal  des ign  v e r i f i c a t i o n  t e s t i n g  of a space- 

c r a f t  system, thermal c a p a c i t i e s ,  conductances and r a d i a t i o n  

pa ths  i n t e r n a l  to t h e  s p a c e c r a f t  a r e  t h e  same f o r  t h e  simula- 

t o r  t es t  a s  i n  o r b i t .  Since powered u n i t s  can be operated 

i n  a sequence r e p r e s e n t a t i v e  of o r b i t ,  t h e  s imulated r ad ia -  

t i o n  r equ i r ed  to d u p l i c a t e  o r b i t a l  temperatures  a t  a node 

must meet t h e  fol lowing:  

where gcf'i = Absorptazace for  i n c i d e n t  r a d i a t i o n  i n  t h e  
chamber 

4 = I n c i d e n t  r a d i a t i o n  i n t e n s i t y  i n  t h e  chamber 

L = Tota l  hemispherical  e m i s s i v i t y  of t h e  space- 
c r a f t  node i n  t h e  chamber 
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Since t h e  s p a c e c r a f t  coa t ings  a r e  d u p l i c a t e  of o r b i t  

& $ ~ g f  and t h e  equat ion  is  reduced t o  t h e  f i r s t  t e r m  

on t h e  l e f t  equa l  t o  t h e  f irst  f o u r  t e r m s  on t h e  r i g h t ,  

Advocates of t h e  absorbed f l u x  method of t e s t i n g  

adhere t o  t h i s  concept.  I n  p r a c t i c e ,  t h e G i o f  t h e  space- 

c r a f t  coa t ing  a t  t h e  node i s  determined under t h e  source 

i l l u m i n a t i o n  and i n t e n s i t y . &  i s  ad jus t ed  t o  a va lue  

where t h e  product  of ,&A and&L is  equ iva len t  t o  t h e  

sum of t h e  inpu t  t e r m s  shown on t h e  r i g h t  hand s i d e  of 

t h e  equat ion .  Programming of source i n t e n s i t y  permits  

an approach t o  dynamic s imula t ion .  This approach f i n d s  

g r e a t e s t  a p p l i c a t i o n  f o r  s p a c e c r a f t  wi th  simple geometry 

and those  having a s i n g l e  thermal  coa t ing .  Spacecraf t  

- *  

with  r e -en t r an t  shapes,  m u l t i p l e  s u r f a c e  coa t ings  and 

shadowkg elements become extremely d i f f i c u l t  t o  i r r a d i a t e  

p rope r ly ,  and t h e  method l o s e s  s i g n i f i c a n c e .  

Borrowing from t h e  absorbed f l u x  concept ,  b u t  concen- 

t r a t i n g  on s imula t ing  s o l a r  i r r a d i a t i o n  which i s  u s u a l l y  

t h e  major thermal  input  t o  t h e  s p a c e c r a f t ,  an a l t e r n a t e  

approach can be most u s e f u l  i n  checking t h e  thermal  des ign  

mathematical  model. This concept c o n s i s t s  of us ing  a 

r a d i a t i o n  source capable  of c l o s e l y  matching s p e c t r a l  

d i s t r i b u t i o n  of t h e  sun i n  t h e  wavelength band .2 t o  4.0 

and having c o n t r o l l a b l e  i n t e n s i t y ,  un i formi ty ,  and reason- 

a b l e  co l l ima t ion .  I n  t h i s  c a s e ,  a lbedo  and e a r t h  r a d i a t i o n  

a r e  n o t  s imula ted ,  and t h e s e  terms a r e  dropped from t h e  

thermal  mathematical  model. To provide u s e f u l  thermal  

design d a t a ,  t h e  s imula t ion  must t hen  m e e t  t h e  fol lowing:  

/k. P 

.. 
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Simulation of the solar aspect angle for proper area 

illumination and correcting for small errors in C&i due to 

source spectrum and z,? , the shroud sink temperature, the 
test is simplified and yields useful data. In practice, the 

source and chamber are calibrated and temperature predictions 

are made for all nodes for the sirnulator environment. Variance 

between predicted node temperatures and those measured in-test 

provides insight into errors in the radiation or conduction 

coefficients used in predicting the node temperatures. 

The advantage of this method over absorbed flux simulation 

lies in the ability to properly illuminate complex shapes, 

evaluate geometric factors, and determine the actual 

absorbed flux typical of orbital direct sun insolation. 
While the above approach presents a means for handling 

variation between the simulator environment and space 

conditions, realistic performance testing of the space- 

craft demands representative temperatures equivalent 

to orbit. In this sense, the more perfect the simulator 

for direct sun, albedo and earth IR inputs, the less 

difficult it becomes to accomplish both thermal design 

verification and the desired stress level required for 

the performance test phase, 

Our first generation, small volume space simulator 

is shown in Fiqure 14. The chamber is a copy of the 

8' X 8' facility, except the thermal control system has 

been omitted, A Cat-a-lac black coated, tube in sheet, 

aluminum shroud to provide a heat sink at near liquid 

nitrogen temperature ( -196 'C)  is located internal to the 

chamber, A removable liquid nitrogen front panel provides 

access to the facility. Gaging and penetration plate 

capability is similar to the 8' X 8' system. A spacecraft 
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p o s i t i o n e r  capable  of 2 a x i s  motion; s p i n  about t h e  

c e n t e r l i n e  of t h e  s p a c e c r a f t ,  and i n c l i n a t i o n  r e l a t i v e  

t o  t h e  i n c i d e n t  s imulated s o l a r  r a d i a t i o n ,  i s  loca ted  

i n s i d e  t h e  l i q u i d  n i t rogen  shroud (Fiqure 15)  e During t e s t ,  

two modes of d a t a  t ransmiss ion  u s u a l l y  requi red  a r e  

t e l eme t ry  f o r  s p a c e c r a f t  performance, and h a r d l i n e  f o r  

t e s t  temperature  d a t a  and power c o n t r o l .  The t e l eme t ry  

t ransmiss ion  i s  t y p i c a l  of o r b i t a l  ope ra t ion ,  while  t h e  

h a r d l i n e  i s  handled through s l i p  r i n g s .  The output  of 

t h e  numerous temperature  senso r s  l oca t ed  on t h e  t e s t  

s p a c e c r a f t  a r e  scanned by a compact mul t ip l exe r  loca ted  

i n s i d e  t h e  p o s i t i o n e r  p e d e s t a l  and minimizes t h e  number 

of w i r e s  p e n e t r a t i n g  t h e  chamber, The thermal  e f f e c t  of 

a t t a c h i n g  t h e  s p a c e c r a f t  t o  t h e  p o s i t i o n e r  i s  handled 

by an i so l a t e r -hea te r - senso r  c o n t r o l  mechanism. The 

mechanism senses  t h e  temperature  a t  bo th  t h e  s p a c e c r a f t  

s i d e  and p o s i t i o n e r  s i d e  of t h e  i n t e r f a c e  and n u l l s  o u t  

temperature  d i f f e r e n c e s  w i t h i n  less than  one degree., 

Radia t ion  between t h e  h e a t e r  and s p a c e c r a f t  i s  masked by 

a s h i e l d  ope ra t ing  a t  l i q u i d  n i t r o g e n  temperature .  Under 

s t a b l e  cond i t ions ,  t h e  mounting s u r f a c e  is  considered t o  

be a z e r o  "Q" a r e a ,  i, e.  h e a t  flow ac ross  t h e  a rea  is  

assumed equal  to ze ro .  This  i s  represented  i n  t h e  math 

model used t o  predict  i n - t e s t  temperatures  

A twin 12kw carbon a r c  source i s  used t o  provide 

simulated s o l a r  r a d i a t i o n .  The s imula to r  i s  capable  of 

an i n t e n s i t y  of approximately 130 w / f t  over a 30"  d i a -  

m e t e r  t a r g e t  p lane  loca ted  s ix  f e e t  d i s t a n c e  from t h e  

source ,  The beam e n t e r s  t h e  chamber through a one f o o t  

diameter  q u a r t z  p o r t  and d ive rges  approximately 73i0-half 

angle .  Each lamp i s  equipped wi th  a 3 element r e f l e c t o r  

2 
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t o  c o l l e c t  t h e  a r c  r a d i a t i o n  and p r o j e c t  it forward t o  

an o p t i c a l  f l a t  f o r  e n t r y  i n t o  t h e  chamber. F iqure  16 

shows t h i s  set-up. Approximately '/z of t h e  t a r g e t  p lane  

i s  i r r a d i a t e d  by each lamp., Hand replacement of t h e  

rods  r e q u i r e s  approximately 1.5 minutes downtime f o r  

each a r c  per hour of opera t ion .  

Despite a forced a i r  purge system, t h e  systems re- 

f l e c t o r s  (F iqure  17)  degrade i n  performance a s  they  

become coated wi th  carbon d e p o s i t  from t h e  open a r c .  

R e f l e c t o r  l i f e  i s  no better than  80 hours.  The effect  

of t h e  degrada t ion  dur ing  a t e s t  run i s  a decrease  i n  

t o t a l  i n t e n s i t y  and v a r i a t i o n  i n  l o c a l  i n t e n s i t y .  Main- 

tenance of t h e  d e s i r e d  average energy inpu t  t o  t h e  t es t  

i t e m  i s  d i f f i c u l t  and r e q u i r e s  readjustment  of t h e  focus 

of t h e  a r c  dur ing  t h e  t e s t .  The uni formi ty  of t h e  output  

beam i s  poor.  I n t e n s i t y  v a r i a t i o n  over  a 23" diameter  

t a r g e t  p lane  measured wi th  a r o l l e d  r ibbon thermocouple 

d e t e c t o r  ranges from k15% t o  a s  much a s  +30%, depending 

on t h e  cond i t ion  of t h e  r e f l e c t o r s .  The poor uni formi ty ,  

coupled wi th  a depth of f i e l d  change i n  i n t e n s i t y  of 1% 

per inch of d e v i a t i o n  f o r e  o r  a f t  of t h e  t a r g e t  p lane  

(due t o  d e c o l l i m a t i o n ) ,  p l aces  a s eve re  burden on accura t e  

pre-test c a l i b r a t i o n  and i n t e n s i t y  monitoring dur ing  t h e  

course  of a t es t .  

C a l i b r a t i o n  of t h e  s imula to r  f o r  each tes t  r e q u i r e s  

t h a t  t h e  method used be capable  of r e s o l v i n g  t h e  inc iden t  

f l u x  from t h e  s imula to r  source ,  and extraneous energy due 

t o  r e f l e c t i o n  o r  I R  i n p u t  from o t h e r  appara tus  i n  t h e  

chamber e 
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A c a l i b r a t i o n  method used i n  t h e  past  incorpora tes  

an i n t e g r a t i n g  b l ack -ba l l  dev ice  f o r  measuring t o t a l  

energy and a r o l l e d  r ibbon thermocouple radiometer f o r  

mapping t h e  inpu t  i n t e n s i t y  f r o m  t h e  source .  I n  a d d i t i o n ,  

sample coupons, coated wi th  t h e  same thermal  m a t e r i a l s  

used on t h e  t e s t  s p a c e c r a f t ,  a r e  pre-run i n  t h e  s imula to r  

t o  determine absorptance c o e f f i c i e n t s  and emiss iv i ty  f o r  

t h e  s imula tor  environment. 

The i n t e g r a t i n g  b lack  b a l l  technique u t i l i z e s  a 

t h i n  s h e l l  aluminum sphere wi th  a 1 inch diameter  i nne r  

sphere  suspended a t  i t s  c e n t e r .  Thermocouples a r e  a t t ached  

t o  t h e  inne r  sphere f o r  temperature  readout .  Both spheres  

a r e  coated wi th  a b lack  p a i n t  of known p r o p e r t i e s :  

a b s o r p t i v i t y  ( a )  = 0.975 over  t h e  wavelength band 

0 . 5 ~  t o  4.0 ( A  ; e m i s s i v i t y  ( & )  = 0.86 t o  0.90 over khe 

bandwidth 5~ t o  2 8 ~ .  During c a l i b r a t i o n ,  a sphere 

approximating t h e  diameter  of t h e  s p a c e c r a f t  i s  pos i t ioned  

i n  t h e  s imula to r  a t  t h e  exac t  l o c a t i o n  t h a t  t h e  t e s t  space- 

c r a f t  w i l l  occupy, t h e  chamber is  evacuated and t h e  w a l l s  

f looded wi th  l i q u i d  n i t rogen  t o  s imula te  t h e  same environ- 

ment t h a t  t h e  t e s t  s p a c e c r a f t  w i l l  exper ience ,  The sphere  

i s  r o t a t e d  a t  a r a t e  of 3 - 5 r p m  t o  negate  small  e r r o r s  

i n  p o s i t i o n  of t h e  inne r  sphere.  The a r c  source i s  then 

ad jus t ed  t o  so  t h a t  t h e  b a l l  system s t a b i l i z e s  a t  a pre- 

determined temperature .  I n  t h i s  c a s e ,  t h e  b a l l  sums t h e  

energy con t r ibu ted  d i r e c t l y  by t h e  a r c s , p l u s  any ex t ran-  

eous energy: 

T8 = a b s o l u t e  temperature  of t h e  i n n e r  b a l l  
Ts = 
c T =  Ste fan  Boltzmann Constant 
A, = 
&a = 

a b s o l u t e  tempera ture  of t h e  Shroud 

t o t a l  s 'u r face  a r e a  of t h e  o'uter s p h e r e  
e m i s s i v i t y  of t h e  ou td r  sphere 

yn = t o t a l  energy  Lnput 
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= p r o j e c t e d  a r e a  of o u t e r  sphere 
= absorptance c o e f f i c i e n t  of outex sphere 

average i n t e n s i t y  from a r c  source o v e r '  
o u t e r  sphere (Ap) 

= Tota l  extraneous energy 

By assuming s% 0 ,  t h e  average a r c  i n t e n s i t y  can be 
c a l c u l a t e d :  

Mapping of t h e  beam i s  accomplished using a r o l l e d  ribbon 

thermocouple radiometer.  The radiometer i s  c a l i b r a t e d  using 

a Nat iona l  Bureau of Standards lamp of known s p e c t r a l  i r r a d -  

i a n c e  over t h e  range of 

extends t h i s  c a l i b r a t i o n  range t o  4.0/. 

temperature  i s  he ld  cons t an t  by a the rmoe lec t r i c  device  

and i s  used on an x-y p l o t t e r  f o r  measuring t h e  i n c i d e n t  

f l u x  from t h e  source.  Readings obta ined  ac ross  t h e  t a r -  

g e t  p lane  a r e  a r e a  weighted and averaged. The r e s u l t i n g  

va lue  i s  then  compared wi th  t h e  IARC va lue  p rev ious ly  

obta ined  by c a l c u l a t i o n  using t h e  b l ack  b a l l .  A d i f f e r -  

ence g r e a t e r  t han  +5% i s  i n d i c a t i v e  of extraneous energy 

i n  t h e  chamber, Experience has  shown t h a t  removal o r  

l i q u i d  n i t r o g e n  s h i e l d i n g  of t h e  extraneous energy 

sources  i s  p r e f e r r e d  over t r y i n g  t o  account f o r  them 

dur ing  t h e  s p a c e c r a f t  t e s t .  

. S p e c i a l  computation n25/k. to 2.6/c" 
The radiometer 

During t h e  a c t u a l  t e s t  of a s p a c e c r a f t ,  cont inued 

monitoring of t h e  a r c  beam i s  done wi th  t h e  radiometer t o  

o b t a i n  l o c a l  i n t e n s i t y  d a t a  f o r  i n p u t  t o  t h e  mathematical  

model. I n  a d d i t i o n ,  average i n t e n s i t y  i s  determined a s  

i n d i c a t e d  above f o r  r e a d j u s t i n g  t h e  arc t o  main ta in  t h e  

d e s i r e d  inpu t  f l u x .  
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Inputs  t o  t h e  mathematical model t o  predict  nodal tempera- 

t u r e s  for  t h e  s p a c e c r a f t  under tes t  c o n s i s t s  of l o c a l  

radiometer  i n t e n s i t y  va lues  and t h e  Ok 

coupons. It i s  w e l l  t o  mention t h a t  t h e  i n t e n s i t y  

va lues  obtained dur ing  t es t  a r e  input  t o  t h e  model w i t h  

va lues  from t h e  

an allowance of +5% f o r  u n c e r t a i n t y ,  Manipulation of t h e  

model i s  done us ing  t h e s e  i n p u t s ,  The r e s u l t i n g  predic-  

t i o n  t h u s  e s t a b l i s h e s  boundary l i m i t s  f o r  comparing node 

temperatures  from t h e  t e a t ,  Nodes running o u t s i d e  t h e  

predicted temperature  l i m i t s  a r e  i nves t iga t ed  and c o r r e c t e d ,  

Re te s t ing  is  u s u a l l y  requi red  where t h e r e  i s  s i g n i f i c a n t  

disagreement 

Experience with t h e  a r c  source  shows evidence of a 

f a i r  match t o  s o l a r  i r r a d i a n c e  $n t h e  wavelength band 

0.2p t o  4.0p 

coa t ings  of b l ack  and white  p a i n t s  and evaporated aluminum 

agree  wi th  computed s o l a r  absorptance va lues  wi th in  4% 

r e s u l t i n g  i n  an d i f f e r e n c e  of 9% f o r  t h e  worst  c a s e ,  

evaporated aluminum. 

The absorptance c o e f f i c i e n t s  of sample 

The use of t h i s  f i r s t  gene ra t ion  carbon a r c  source 

has served a s  an educa t ion  i n  t h e  problems of s imula t ing  

s o l a r  i r r a d i a n c e ,  The v a r i a b l e  uni formi ty  of t h e  system 

p r e s e n t s  a most d i f f i c u l t  problem and ampl i f i e s  t h e  

u n c e r t a i n t i e s  in t h e  t e a t  D e s p i t e  t h e  d i f f i c u l t y ,  t e s t  

r e s u l t s  show engineer ing  s i g n i f i c a n c e  and have lead t o  

g r e a t e r  confidence i n  s e l e c t i n g  maximum and minimum 

temperatures  f o r  t h e  thermal  vacuum performance t e s t  of 

s e v e r a l  s p a c e c r a f t ,  

The need f o r  a l a r g e  space s imula tor  t o  t es t  observa- 

t o r y  c l a s s  s p a c e c r a f t  weighing up to 4,000 pounds became 
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ev iden t  dur ing  e a r l y  planning of G S F C ' s  space r e sea rch  

program, The obvious l i m i t a t i o n s  i n  chamber s i z e  and 

smal l  s o l a r  s imula to r s  f o r  producing co l l imated  and 

uniform r a d i a t i o n ,  precluded a simple scal ing-up concept.  

I n s t e a d ,  a new approach beyond t h e  s t a t e - o f - a r t  was 

needed t o  m e e t  GSFC's minimum requirements ,  I n  1960, 

t h e  s imula tor  s p e c i f i c a t i o n s  c a l l e d  for :  

Working Volume : 

Vacuum: 

Thermal Shroud: 

S o l a r  Simulat ion : 

Area 

I n t e n s i t y  

Uniformity 

Coll imat ion 

S p e c t r a l  D i s t .  

A t  acceptance i n  June 

fol lowing:  

Working Volume: 

Vacuum: 

Thermal Shroud: 

S o l a r  Simulat ion 

Area 

I n t e n s i t y  

Uniformity 

274' Diameter X 40'  Height 

lXlO-*torr u l t i m a t e  i n  24 hours 
with f u l l  s o l a r  s imula t ion  

100°K and c o n t r o l l a b l e  between 
-65OC t o  +10OoC 

20'  Diameter 

50 t o  275 w a t t s / f t 2  
2 +10%/ft throughout 1 7 '  diameter  

4 O  -- + angle  

Equivalent  t o  ze ro  
A i r  mass s o l a r  r a d i a t i o n  f r o m  0.3 
t o  4.0 microns 

X 25'  depth  of i r r a d i a t i o n  

of 1364, t h e  s imula tor  m e t  t h e  

27%' diameter  X 40 '  Height 

3 ,6  X 10-lOtorr u l t i m a t e  i n  13 
hours c l e a n ,  d ry  & empty 

105'K and c o n t r o l l a b l e  - 65OC to 
-1-85OC 

20'  Diameter 

50 t o  130-k w a t t s / f t  

*lo% per f t 2  throughout 1 7 '  d iameter  

2 

X 25'  depth 



-18- 

Col1 irna t ion  2.2O -- 35 angle  max. 

S p e c t r a l  D i s t ,  Hg-Xe a s  modified by t h e  optics 

Two modes of ope ra t ion  of t h e  s imula to r  included:  

1, So la r  Simulat ion wi th  t h e  shroud maintained near  
2 LN temperature  (105'K) 

2 .  Thermal Vacuum soak wi th  t h e  shroud he ld  a t  a 

s e t p o i n t  w i t h i n  t h e  range of -65'C t o  +85OC, 

The completed s imula tor  i s  shown i n  F iqures  18 and 19,  

Major f e a t u r e s  inc lude  i t s  ve r t i ca l .  arrangement where t h e  

upper dome i s  removable f o r  top  loading of t h e  t e s t  i t e m .  

The upper dome houses t h e  s o l a r  s imula tor  and suppor ts  t h e  

s o l a r  plenum f o r  cool ing  t h e  Hg X e  s o l a r  lamps. An i n t e -  

g r a l  thermal  shroud i n t e r n a l  t o  t h e  chamber covers  t h e  

c y l i n d r i c a l  s e c t i o n ,  upper dome and f l o o r ,  A cryopumping 

shroud ope ra t ing  a t  20°K extends f o r  a he igh t  of 2 0 '  a long 

t h e  c y l i n d e r  and i s  nested behind louvers  on t h e  thermal  

shroud. The two h igh  arrangement of t h e  o i l  d i f f u s i o n  

pumps a r e  backed by mechanical pumps a t  a lower eleva-  

t i o n ,  The d i f f u s i o n  pumps e n t e r  t h e  chamber through 

c y l i n d r i c a l  m e m b e r s  which a r e  separa ted  fore  and a f t  of 

t h e  thermal  shroud t o  provide pumping of t h e  inne r  

chamber annulus and t h e  t e s t  volume proper .  The chamber 

i s  supported by a v e r t i c a l  s k i r t  extending t o  t h e  founda- 

t i o n ,  1 2  column suppor ts  f o r  t h e  s p a c e c r a f t  t a b l e  t r a n s -  

m i t  t h e  t a b l e  load t o  t h e  foundat ion.  

The V e s s e l  

The v e s s e l  s t r u c t u r e  i s  3335' diameter  by 60 '  

h igh ,  f a b r i c a t e d  from (ASTMA 240-58T) ,75 inch, t h i c k n e s s ,  

type  304 s t a i n l e s s  s tee l  wi th  e x t e r n a l  s t r u c t u r e  of 

(ASTM A7-59T) carbon s t ee l ,  A l l  v e s s e l  j o i n t s  a r e  through 
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welded f o r  vacuum i n t e g r i t y ,  and i n t e r n a l  s u r f a c e s  a r e  

pol i shed  t o  a N o .  4 f i n i s h  t o  minimize outgass ing .  

The removable dome, having 1 2 7  - 6 inch pene- 

t r a t i o n s  f o r  t h e  s o l a r  system r e l a y  l e n s  and suppor t ing  

t h e  s o l a r  lamp cool ing  plenum, i s  handled by an  overhead 

mechanism which e l e v a t e s  t h e  dome 1 2  inches ,  t h e n  l a t e r a l l y  

t r a n s p o r t s  it a d i s t a n c e  of 44 feet .  The dome vacuum 

f l ange  s e a l  a t  t h e  t o p  of t h e  chamber i s  shown i n  F iqure  20. 

The dome load i s  supported by t h e  chamber w a l l  proper .  

The 10' diameter  s t a i n l e s s  s teel  s p a c e c r a f t  suppor t  

t a b l e  a t  t h e  45 f e e t  l e v e l  can withstand loads up t o  

40,000 pounds, 48 v e r t i c a l  tee s l o t t e d ,  hardpoin ts  

arranged i n  t iers of 1 2  each a r e  loca t ed  a t  t h e  f l o o r ,  

mid c y l i n d e r  f l a n g e  seal  and dome. The hardpoin ts  can 

suppor t  a load of 2,000 pounds each o r  a combined load 

of 40,000 pounds. 

Although n o t  man r a t e d ,  t h e  v e s s e l  i s  equipped 

wi th  an 8 feet  square a i r  lock fo r  personnel  e n t r y .  Double 

doors 6% feet  square a r e  sea led  wi th  double Buna N "0" 

r i n g s  . 
Pumpinq Systems 

The vapor and mechanical pump systems c o n s i s t  of 

8 mechanical pumps and 8 blowers backing 1 7  - 50,000 l i t e r s  per 

sec o i l  f r a c t i o n a t i n g  d i f f u s i o n  pumps. The system i s  

arranged so t h a t  t w o  mechanical b o o s t e r  pump groupings back 

4 d i f f u s i o n  pumps (Fiqure 2 1 ) .  Rough vacuum i s  achieved 

wi th  t h e  mechanical boos t e r s  which pump t h e  chamber through 

t h e  d i f f u s i o n  pumps. A f t e r  t h e  r equ i r ed  fore  p r e s s u r e  i s  

reached, t h e  d i f f u s i o n  pumps a r e  used t o  achieve u l t i m a t e  

vacuum. The d i f f u s i o n  pumps a r e  connected t o  t h e  chamber 

through l i q u i d  n i t rogen  cooled elbows, a s  shown i n  F iqure  2 2 ,  
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Thermal Shroud 

The thermal  shroud c o n s i s t s  of 0.156 inch t h i c k  

aluminum panels  w i th  1 inch t u b e  passages.  The arrange- 

ment forms n e a r l y  an o p t i c a l l y  dense enc losure  i n s i d e  t h e  

chamber. The shroud s u r f a c e  f a c i n g  t h e  t e s t  volume is  

coated wi th  t h r e e  c o a t s  of cat-a- lac  b l ack  p a i n t  w i th  

an abso rp t ion  c o e f f i c i e n t  *of approximately 0.96 and 

e m i s s i v i t y  of 0.86 t o  0.89 f o r  t h e  wavelength band 0,3/1" t o  

2 4 ~ .  

t h e  h e a t  r a d i a t e d  from t h e  v e s s e l  w a l l .  The thermal  shroud 

2 
opera t e s  below l l O ° K  under p re s su r i zed  s i n g l e  phase LN 

flow, and between -65OC and +85OC wi th  gaseous n i t rogen  

a s  a t r a n s f e r  medium. 

The oppos i t e  s u r f a c e  i s  b r i g h t  f i n i s h e d  t o  ref lect  

Table I shows a t a b u l a t i o n  of s i g n i f i c a n t  f e a t u r e s  

of t h e  shroud assembly inc lud ing  v e s s e l  h e a t  load and 

LN2 demand. Add i t iona l  LN load due t o  cryo-elbows, and 2 
i n t e r n a l  s o l a r  r e f l e c t o r s  has been added f o r  convenience. 

TABLE I 

SECTION 

Bottom 

The lower 20 '  of t h e  thermal  shroud suppor ts  t h e  dense 

gas  helium cryopumping panels  shown i n  F iqures  24, 25 and 2 6 .  



-21- 

A s  mentioned b e f o r e ,  t h e  l i q u i d  n i t rogen  i s  designed 

t o  ope ra t e  under p re s su re  and s i n g l e  phase flow a t  a l l  

t i m e s .  Load i n e q u a l i t i e s  a r e  balanced a t  a c o n t r o l  pane l  

shown i n  F iqures  27 and 28.  A 200 kw l i q u i d  n i t rogen  sub- 

c o o l e r  i s  used t o  provide c a p a c i t y  t o  remove absorbed h e a t  

from t h e  c i r c u l a t i n g  l i q u i d  n i t rogen .  Two 20 hp, 150 GPM, 

l i q u i d  n i t rogen  pumps provide c i r c u l a t i o n  of t h e  f l u i d  

through t h e  shroud, A 5 hp, 10 GPM, l i q u i d  n i t rogen  pump 

i s  used f o r  t h e  cryo-elbows. A 1 kw ( a t  20'K) dense gas  

helium r e f r i g e r a t o r  provides  t h e  coo lan t  f o r  t h e  gaseous 

helium shroud. 200 hp a r e  requi red  t o  o b t a i n  t h i s  amount 

of r e f r i g e r a t i o n ,  The c y c l e  c o n s i s t s  of compressing pre- 

cooled (23'K) helium gas  and then  pass ing  it through an 

expansion engine (23'K --- 1 5 ' K ) ,  F iqure  29 shows t h e  

c o n t r o l  pane l  and cyc le .  

The warm gas system f o r  ob ta in ing  temperatures  

between -65'C and $85OC c o n s i s t s  of a gaseous n i t rogen  

r e c i r c u l a t i o n  system wherein t h e  medium i s  heated o r  

cooled by t h r e e  h e a t  exchangers depending upon t h e  tempera- 

t u r e  range of opera t ion :  

2 Steam t o  GN 

R-22 t o  GN2 

LN2 t o  GN2 

Shroud Temperature 

+ 8 5 O C  t o  +46'C 

i -46OC t o  +65OC 

(supplements R-22 on Rapid C o o l )  

A 125 hp, 115 t o  180 p s i a  compressor i s  used f o r  

compression and c i r c u l a t i o n  of t h e  n i t rogen  gas through 

t h e  shroud, 

It i s  of i n t e r e s t  t o  no te  t h a t  t h e  vacuum system was 

s i z e d  on t h e  b a s i s  of an assumed s p a c e c r a f t  ou tgass ing  load 

of 5x10 l i ters /sec a t  1X10-6torr .. 5 While- no s p a c e c r a f t  have yet  
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been tes ted i n  t h i s  system, t h e  best vacuum performance 

t o  d a t e  has been measured a t  9.6 X 10 . Fiqure  30 shows 

a more t y p i c a l  pumpdown curve f o r  t h e  s imula tor .  A 

s i m p l i f i e d  c a l c u l a t i o n  of t h e  pumping c a p a c i t y  of t h e  

system f o r  i t s  two modes of ope ra t ion  i s  shown i n  Table 11, 

-10 

TABLE I1 

. . . . . . - -. . .... .. 
. .  

PUMPING METHOD 

1 7  Di f fus ion  
Pumps 

17  LN2 Elbows 

LN2 Heat Sink 

GHe Panels 

TOTAL 

SOLAR SIMULATION 
GAS PUMPED* . 

H20 I 
SPEEC 

l / s e c  
~ 1 0 3  

255 

1,139 

I1 ,OOO 

3,380 

15 , 774 

% 
TOTAL 

THERMAL VACUUM SOAK 
GAS 

H20 
DlPED* 

N2 

* Assumed: Gas load = 95% H20, 5% N 2  

Speed of d i f f u s i o  pump cons tan t  from t o  and p ropor t iona l  
t o  (mdlecular w t .  f o r  gas  ,.being pumped, 

S o l a r  Simulator  

The s o l a r  s imula to r  system c o n s i s t s  of 127 on-axis, 

Hg X e  powered modules spaced-20" a p a r t  t o  form a hexagohal 

a r r a y  20 f e e t  i n  diameter  (corner  t o  corner )  F iqure  3 1  

shows t h e  a r r a y  a s  viewed from t h e  f l o o r  of t h e  s imula to r ,  

The a r r a y  produces a 17O diameter  beam of uniform i r r a d i a t i o n  

c 
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wi th  decol l imat ion  no g r e a t e r  than  2,2O - % angle .  

I n t e n s i t y  i s  a d j u s t a b l e  over  t h e  range 6 5  w/ft2 t o  1309 

w / f t  Uniformity of t h e  beam i s  &lo% of t h e  average 

i n t e n s i t y  a s  measured by a 1 square f o o t  d e t e c t o r  through- 

o u t  a volume of i r r a d i a t i o n  1 7 '  diameter  by 25  feet  deep. 

Due t o  hexagonal arrangement, i n t e n s i t y  drops t o  z e r o  

between t h e  1 7 '  and 2 0 '  d iameter .  The o p t i c a l  des ign  of 

t h e  a r r a y  i s  such t h a t  each incremental  a r e a  w i t h i n  t h e  

"volume of uni formi ty"  r e c e i v e s  i r r a d i a t i o n  from one t o  

a s  many a s  seven modules, depending upon i t s  l o c a t i o n  i n  

t h e  beam. For a p o i n t  loca ted  on a x i s  t o  a given module, 

and a t  a s e p a r a t i o n  d i s t a n c e  of 2 0 ' , i n c i d e n t  energy a r i s e s  

from t h e  s i n g l e  module, For a s e p a r a t i o n  d i s t a n c e  of 45', 

t h e  i n t e n s i t y  a t  t h e  p o i n t  i s  t h e  summation of energy 

con t r ibu ted  by 7 modules, Thus, t h e  i n t e n s i t y  d i s t r i b u -  

t i o n  ac ross  a s e p a r a t e  module a s  measured a t  20' d i s t a n c e  

has  a t r i a n g u l a r  shaped p r o f i l e .  Peak i n t e n s i t y  occurs  

a long t h e  modules8 o p t i c a l  a x i s ,  and f a l l s  o f f  n e a r l y  

l i n e a r l y  wi th  d i s t a n c e  from t h e  c e n t e r  t o  t h e  edge of t h e  

module beam, With t h i s  t y p e  des ign ,  t h e  c o n t r i b u t i o n  of 

ad jo in ing  modules inc reases  wi th  s e p a r a t i o n  d i s t a n c e  and 

r e s u l t s  i n  more uniform i r r a d i a t i o n ,  F igure  3 2  i l l u s t r a t e s  

t h i s  p o i n t .  A t  t h e  -10 f t ,  p lane ,  s i g n i f i c a n t  shadowing 

by t h e  hyperbola is  e v i d e n t ,  A t  t h e  -20 f t .  p lane ,  t h e  

s i t u a t i o n  i s  reversed .  Peak i n t e n s i t y  occurs  a t  t h e  

c e n t e r  of t h e  module. A t  t h e  -36  f t .  p lane ,  t h e  amplitude 

of t h e  o s c i l l a t i o n s  have smoothed o u t  and o v e r a l l  un i formi ty  

is  improved. 

2 

Module Conf i q u r a t i o n  

The h e a r t  of t h e  system i s  t h e  s o l a r  module. A 

schematic of t h e  o p t i c a l  conf igu ra t ion  is  shown i n  
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F iqure  33 e It c o n s i s t s  of a 2.5 k w  Hg X e  r a d i a t i o n  

source ,  e l l i p t i c a l  c o l l e c t o r ,  t r a n s f e r  o p t i c s  and 

cas seg ra in i an  o p t i c s .  The e l l i p t i c a l  c o l l e c t o r  i s  

f r o n t  coated wi th  aluminum and c o l l e c t s  85% of t h e  

lamp r a d i a t i o n ,  Transfer  o p t i c s ,  c o n s i s t i n g  of 3 fused 

s i l i c a  lenses, shape t h e  energy f o r  t r a n s f e r  by t h e  

fused s i l i c a  r e l a y  l e n s ,  The emergent beam i s  then 

co l l imated  by t h e  cas seg ra in i an  o p t i c s  l oca t ed  i n t e r n a l  t o  

t h e  s imula to r  environment. The r e l a y  l e n s  forms t h e  vacuum 

s e a l  between chamber and upper o p t i c s .  The cas seg ra in i an  

system c o n s i s t s  of a hyperboloid and p a r a b o l i c  r e f l e c t o r .  

The hexagonal paraboloid c o l l i m a t o r  measured 20" ac ross  

f l a t s  and i s  electroformed n i c k e l  w i t h  t h e  f r o n t  s u r f a c e  

coated with vacuum deposi ted aluminum, The hyperbolo ida l  

r e f l e c t o r  is  4.10" diameter and i s  electroformed n i c k e l  

bonded t o  a copper base ,  The f r o n t  s u r f a c e  i s  vacuum 

depos i ted  aluminum. Both r e f l e c t o r s  i n t e r n a l  t o  t h e  

chamber a r e  cooled by c i r c u l a t i n g  LN 

r e f l e c t o r  i s  cooled by r a d i a t i o n .  A i r  c i r c u l a t i o n  of 

100 f t  /min a t  75'F i s  used to coo l  t h e  upper o p t i c s .  

During o p e r a t i c n ,  t h e  hyperboloid and p a r a b o l i c  r e f l e c t o r s  

l oca t ed  i n  t h e  chamber reach a temperature  of O°C and 23'c, 

r e s p e c t i v e l y .  F i s u r e  34 i s  a photograph of t h e  a c t u a l  

module elements 

The pa rabo lo ida l  2 "  

3 

The minimum e f f i c i e n c y  of t h e  module: 

pcmtL (wa t t s  r a d i a t i o n )  
P in  (elect  power) x 100 = 12,5% 

Average e f f i c i e n c y  runs 13..5% wi th  some modules showing a 

high of 14.5%, 
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Module alignment i s  done by pre-al igning t h e  e l l i p s e ,  

lamp and cas seg ra in i an  assembly, The he igh t  of t h e  t r a n s f e r  

o p t i c s  and t h e  lamp e l l ipse  combination wi th  respect t o  t h e  

r e l a y  l e n s  i s  pre-es tab l i shed  by machine t o l e r a n c e .  Small 

l a t e r a l  displacement i n  t h e  upper o p t i c s  is  no t  p a r t i c u l a r l y  

c r i t i c a l .  The he igh t  of t h e  lamp wi th  respect t o  t h e  e l l ipse  

i s  v a r i a b l e ,  however, and must be e s t a b l i s h e d  f o r  each u n i t  

t o  ga in  optimum uni formi ty ,  The he igh t  and c e n t e r i n g  of 

paraboloid-hyperboloid cas seg ra in i an  r e f l e c t o r s  a r e  a l s o  

v a r i a b l e  and must be pre-aligned before assembly. I n  

p r a c t i c e ,  t h e  lamp i s  centered  i n  i t s  holder  and set  t o  

fixed he igh t  wi th  respect t o  t h e  holder  r e f e r e n c e  su r face .  

Each e l l i p se  is  mounted i n  a "s tandard o f f - l i n e  module" 

and i t ' s  r e fe rence  s u r f a c e  i s  ad jus t ed  by shims t o  a pre- 

ferred h e i g h t  where a pre-aligned lamp w i l l  y i e l d  maximum 

c o l l e c t i o n .  Any anomoly i n  e l l ipse  contour  i s  ad jus t ed  

f o r  by t h e  shims. The cas seg ra in i an  u n i t  i s  assembled, 

cen tered  and placed i n  t h e  "standard module" f o r  a f i n a l  

check f o r  skewness. Once a l igned ,  t h e  subassemblies 

a r e  in te rchangeable  wi th  o t h e r  module u n i t s .  During 

ope ra t ion ,  b u r n t  lamps may be rep laced  wi th  a pre-aligned 

u n i t  without  f u r t h e r  alignment.  I n  t h e  system i n s t a l l a -  

t i o n ,  GNz i s  d i s t r i b u t e d  over each r e l a y  l e n s  and f i r s t  

meniscus l e n s ,  P o s i t i v e  flow a s s u r e s  t h a t  condensation 

w i l l  no t  occur a t  t h e  r e l a y  l e n s  dur ing  per iods  when t h e  

chamber i s  ope ra t ing  cold (but  s o l a r  i s  no t  be ing  used ) .  

I n  a d d i t i o n ,  any d i r t  t h a t  may become dis lodged i n  t h e  

plenum,or from above when t h e  lamp s t a r t e r  i s  removed, i s  

blown c l e a r  of t h e  meniscus l e n s ,  
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Power and Control  

Each module i s  powered by a 5-0 kw DC s a t u r a b l e  core 

( S i l i c o n )  r ec t i f i e r  power supply.  The supply i s  capable  

of a d j u s t a b l e  c u r r e n t  from 20 t o  100 amperes and a t  f u l l  

load,  50 f 5 v o l t s .  Nominal lamp ope ra t ion  a t  2500 w a t t s  

i s  50 amps @ 50 v o l t s .  A s t a r t e r  f o r  each lamp provides  

40 t o  60 KV peak t o  peak a t  1 t o  3 m c  f o r  3 seconds maxi- 

mum t o  e s t a b l i s h  a r c  opera t ion .  Lamp s t a b i l i t y  i s  es tab-  

l i s h e d  i n  approximately 6 t o  10 minutes. 

I n t e n s i t y  c o n t r o l  i s  obtained by se rvo  loop c i r c u i t r y ,  

and a cadmium s u l f i d e  d e t e c t o r  loca ted  i n  t h e  upper plenum 

on each e l l ipse.  A p o r t i o n  of t h e  energy s p i l l e d  by t h e  

e l l i p s e  i s  reflected t o  t h e  detector a p e r a t u r e  such t h a t  

a change i n  i n t e n s i t y  i s  sensed a s  a r e s i s t a n c e  change 

i n  t h e  detector.  Under automatic  c o n t r o l ,  t h e  detector 

s i g n a l  is amplif ied and t r ansmi t t ed  t o  a n u l l  detector,  

which is  a l s o  suppl ied wi th  a common re fe rence  s i g n a l ,  

generated i n  propor t ion  t o  t h e  d e s i r e d  r a d i a t i o n  in ten-  

s i t y  c a l l e d  f o r  a t  t h e  t e s t  f loor .  Lack of n u l l  produces 

a r a i s e  o r  lower s i g n a l  t o  t h e  i n d i v i d u a l  lamp power supply.  

Power is automat ica l ly  ad jus t ed  u n t i l  n u l l  occurs.  

S p e c t r a l  Enerqy D i s t r i b u t i o n  

The s imula to r  i s  equipped with f ixed  ins t rumenta t ion  

t o  monitor t h e  s p e c t r a l  d i s t r i b u t i o n  of t h e  output  beam. 

Fiqure 35 shows t h e  o p t i c a l  boom loca ted  a t  t h e  25'  l e v e l ,  

f o r  i n t e r c e p t i n g  t h e  beam and r e l a y i n g  it t o  a modified 

P.E. 112W monochrometer. The d i f f u s e  ref lector  a t  t h e  end 

of t h e  boom d i r e c t s  t h e  energy t o  o p t i c a l  f l a t s  arranged 

a t  t h e  p i v o t  a x i s .  One f l a t  i s  held f i x e d ,  while  t h e  o t h e r  

r o t a t e s  w i t h  t h e  boom. The collected beam e x i t s  t h e  

chamber through a q u a r t z  p o r t  where it i s  analyzed by t h e  
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monochrometer, The i n t e n s i t y  vs,wavelength d a t a  i s  handled 

au tomat i ca l ly  by a c e n t r a l  d a t a  c o l l e c t i o n  system s e r v i c i n g  

t h e  f a c i l i t y ,  The p o s s i b i l i t y  of t h e  mi r ro r  s u r f a c e s  be- 

coming contaminated i n  t h e  chamber has been considered,  and 

work is  c u r r e n t l y  being done t o  provide a p ro tec t ed  c a l i b r a -  

t i o n  source i n s i d e  t h e  chamber, 

S p e c t r a l  d a t a  a v a i l a b l e  on t h e  module has been obtained 

i n  a series of o f f - l i n e  experiments.  The s p e c t r a l  energy 

d i s t r i b u t i o n  of t h e  ba re  Hg X e  lamp is  shown i n  F iqure  36. 

I n  t h e  module a p p l i c a t i o n ,  however, t h i s  spectrum i s  

modified by t h e  o p t i c a l  t r a i n .  Table III p r e s e n t s  a com- 

p a r i s o n  of t h e  s p e c t r a l  energy d i s t r i b u t i o n  of a module 

and carbon a r c  system (3  r e f r a c t i n g  q u a r t z  elements) vs, 

t h e  energy d i s t r i b u t i o n  of sun a t  a i r  masszero. A l l  

va lues  a r e  normalized so t h a t  t h e  bandwidth 1500 A t o  

40,000 con ta ins  100% of t h e  energy. 

TABLE 113 

S o l a r  ( a )  

Module (b) 

Carbon A r c  (c) 

1 % ENERGY PER WAVELENGTH RANGE (A) 

u ,v, V I  S I BLE 
1500-3442 3442-7168 

4 - 2 1  46,59 

7 -85 48 -87  

3.66 38,97 

I R  
n68-40,OOO 

49.20 

43 ,128 

57,3 7 

( a )  From Johnson, S p e c t r a l  d i s t r i b u t i o n  a t  a i r  mass 0 
(b) From measurement us ing  Eppley Lab, narrow bandpass 

(c) P . E ,  monochrometer, Model 112u, PP28,  PbS & Thermo- 
f i l t e r s  , 12-C6 

couple  detectors 
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Comparison of t h e  abso rp t ion  c o e f f i c i e n t  of s e v e r a l  

commonly used thermal  coa t ings  i s  shown i n  Table I V .  

TABLE I V  

Evaporated 
Aluminum 

Leaf Aluminum 
P a i n t  

Evaporated 
Gold 

White P a i n t  
ZnO/K2Si03 

White P a i n t  
T i  02/K2Si O3 

( a )  From 

SOLAR 

oCQ' 

-078 

,279 

.192 

.269 

e 204 
~ ~~~ 

ohnson s p e c t r a  

.075 - 4.7 

.277 - 0 - 7  

.162 -27.3 

-260 - 1,4 

,209 + 1.4 
I 

d i s t r i b u t i o n  

MODULE 

ocd' I O K  I 
-071 -11.7 

.276 - 1-0 

,237 $35.0 

0373 +22.0 

-336 $30-9 

I a i r  mass ze ro  
(b) S p e c t r a l  d i s t r i b u t i o n  of Strong Arcomatic, Nat iona l  

Oro t ip  cored rods ,  u s ing  P,E.  1 1 2 U ,  1P28,  PbS & 
TC d e t e c t o r s  

(c) Cal ,  Temp, d i f f e r e n c e  f o r  f l a t  p l a t e ,  r a d i a t i o n  a t  
normal inc idence ,  bo th  s i d e s  coa ted ,  i n  space 

(d )  From s p e c t r a l  d i s t r i b u t i o n  of s i n g l e  module a t  1" 
of f  o p t i c a l  a x i s ,  20a  d i s t a n c e  from o p t i c s  w i th  
Eppley Lab. C-6 f i l t e r s ,  Hg-Xe a t  2.5 kw input  
power 

Operation of t h e  e n t i r e  s imula to r  is  monitored a t  a 

master c o n t r o l  console ,  shown i n  F iqure  37 ,  A graphic  m i m i c  

panel  d i s p l a y s  t h e  o p e r a t i o n a l  s t a t u s  of a l l  systems. 

F igure  38,  Remote c o n t r o l  of t h e  LN2, GN2, GHe, S o l a r  and 

Vacuum systems i s  enabled a t  t h e  console., Automatic vacuum 

s t a r t ,  vacuum emergency s t o p ,  and s e t t i n g  of t h e  s o l a r  in- 

t e n s i t y  l e v e l  i s  c o n t r o l l e d  only  a t  t h e  console .  A 
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communication l i n k  for  1 2  remote s t a t i o n s  i s  shown a t  t h e  

l e f t  of t h e  console .  Closed c i r c u i t  t e l e v i s i o n  coverage 

of even t s  i n  t h e  s imula to r  i s  provided by any of s i x  cameras 

viewing t h e  t e s t  volume. P i c t u r e  s e l e c t i o n  i s  p o s s i b l e  a t  

e i t h e r  t h e  console  o r  m i m i c  pane l .  

P repa ra t ions  a r e  c u r r e n t l y  underway t o  complete d e t a i l e d  

c a l i b r a t i o n  of t h e  s imula to r .  F igure  39 shows an R-G-Z 

scanning mechanism be ing  used t o  map beam i n t e n s i t y  through- 

ou t  t h e  t e s t  volume. A t  completion, an  extended t e s t  of 60 

days d u r a t i o n  w i l l  be performed on t h e  back-up model of 

A r i e l  2 t o  e s t a b l i s h  f a i l u r e  mode i n  t h e  s p a c e c r a f t  under 

long t e r m  temperature  and vacuum exposure,  and t o  g a i n  

confidence i n  t h e  ope ra t ion  of t h e  s imula to r  for long 

term tes t s .  The s p a c e c r a f t  p o s i t i o n e r  t o  be used f o r  t h i s  

tes t  i s  shown i n  F iqure  40. The long t e r m  exposure of a 

s p a c e c r a f t  under simulated t e s t  cond i t ions  i s  unique,and 

hopefu l ly ,  new i n s i g h t  w i l l  be gained from t h e  t e s t  

This  survey has pointed ou t  on ly  a f e w  of t h e  most 

obvious f e a t u r e s  of space environment s imula to r s  being 

app l i ed  by GSFC f o r  f u l l  systems tests.  Simulat ion of 

t h e  space thermal  environment i s  being approached, however, 

it is  no t  be ing  dup l i ca t ed .  Improved r a d i a t i o n  s t anda rds ,  

t e s t i n g  technique,  and r a d i a t i o n  monitor ing i n  t h e  s imula tor  

environment a r e  requi red  t o  l i m i t  t h e  u n c e r t a i n t i e s  i n  t es t s  

c u r r e n t l y  be ing  run .  The l e a r n i n g  process requi red  t o  

r e l a t e  space s imula to r  t e s t s  t o  o r b i t  cond i t ions  i s  

cha l lenging  and, j u s t  beginning,  
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Figure 15. 7 X 8 2-Axis Spacecraft Positioner 



Figure 16. 7 X 8 Solar Simulation Facility 
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